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TIME MULTIPLEXING BUS FOR DTV COMMON INTERFACE 

Field of the Invention 

The present invention relates to a method and/or 
architecture for implementing set- top-boxes (STBs) generally and, 
more particularly, to a method and/or architecture for implementing 
a demodulator/decoder device. 

Background of the In vention 

A common interface (CI) standard is commonly used in 
digital television (DTV) or digital video broadcast (DVB) set-top- 
box (STB) designs. The CI standard was created out of a need to 
implement a conditional access for a transport stream between a 
receiving channel and a source decoder on a module external to the 
source decoder. The conditional access allows DVB-based services 
to be "pay" type services or include at least some elements that 
are not freely available to the public at large. The CI standard 
supports insertion of one or more PC Card modules into the 
transport stream for descrambling a scrambled signal. 

Referring to FIG. 1, a block diagram of a conventional 
STB 3 0 is shown. The STB 3 0 has a host circuit 3 2 including a 



01-747 
1496.00189 

tuner 34, a channel demodulator 3 6 and a source decoder 38 for 
converting a DVB carrier signal (i.e., RF) into a baseband signal 
(i.e., BBS) . A PC Card module 40 can be incorporated into the STB 

3 0 to provide a descrambling function in a descrambler circuit 41. 
Security codes and/or keys may be stored in a Smart Card 42 
inserted into the PC Card module 40. 

A scrambled transport stream (i.e., TS1) is provided from 
the host circuit 32 through an interface circuit 43 to the module 

4 0 to transfer scrambled data. A descrambled transport stream 
(i.e., TS2) is provided from the module 40 through the interface 
circuit 43 to the host circuit 32 to transfer descrambled data. 
The CI standard defines interfaces for the transport streams TS1 
and TS2 and also a command interface (i.e., CMD) between a 
microprocessor 44 in the host circuit 32 and another 
microprocessor, programmable logic, memory or logic circuit 46 in 
the PC Card module 40. 

The CI standard defines an 8 -bit wide parallel data 
signal. In the STB 30, eleven (11) or twelve (12) wires are 
conventionally used to implement each transport stream. At least 
22 pins are required by the CI standard for communication where the 
host circuit 32 integrates the demodulator functionality and the 
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source decoder functionality. The host circuit 32 requires eleven 
(11) pins for the outgoing scrambled transport stream TS1 and 
eleven (11) more pins for the incoming descrambled transport stream 
TS2. Up to two (2) additional pins are used if the host circuit 32 
presents and/or receives external error signals (not shown) as part 
of the transport streams TS1 and TS2 . When the demodulator and the 
source decoder functionality are implemented in a single integrated 
circuit package (as indicated by a dotted box 48) , the 22 to 24 -pin 
requirement to support the transport streams TS1 and TS2 can be a 
limitation for the integrated circuit package 48. 

Summary of the Invention 

The present invention concerns a device for use in a 
digital video receiver. The device generally comprises a 
demodulator circuit, a decoder circuit, a plurality of 
bidirectional buffers, and a circuit. The demodulator circuit may 
be configured to generate (i) a first clock signal compliant with 
a standard interface for the digital video receiver and (ii) a 
first plurality of data signals compliant with the standard 
interface. The decoder circuit may be configured to receive a 
second plurality of data signals compliant with the standard 
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interface. The plurality of first bidirectional buffers may be 
configured to multiplex the first data signals with the second data 
signals at a plurality of data interfaces in response to the first 
clock signal. The circuit may be configured to generate a 
direction signal at a direction interface in response to the first 
clock signal to indicate a direction of the data interfaces. 

The objects, features and advantages of the present 
invention include providing a demodulator/decoder device that may 
provide (i) support for multiple transport streams, (ii) 
multiplexing of the transport streams, (iii) fewer pins than a 
conventional Common Interface implementation, (iv) reduced 
fabrication costs, (v) reduced space claims for an electronic 
circuit, (vi) lower printed circuit board densities, (vii) a 
smaller printed circuit board size, (viii) easier printed circuit 
board design, and/or (ix) lower printed circuit board fabrication 
costs . 

Brief Description of the Drawings 

These and other objects, features and advantages of the 
present invention will be apparent from the following detailed 
description and the appended claims and drawings in which: 
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FIG . 1 is a block diagram of a conventional set -top-box; 

FIG. 2 is a block diagram of a preferred embodiment of 
the present invention; 

FIG. 3 is a block diagram of another preferred embodiment 
of the present invention; 

FIG. 4 is a timing diagram illustrating a functional 
simulation of the present invention; and 

FIG. 5 is a diagram of a timing analysis of the 
functional simulation. 

Detailed Description of the Preferred Embodiments 

Referring to FIG. 2, a block diagram of a portion of an 
apparatus 100 is shown in accordance with a preferred embodiment of 
the present invention. The apparatus 100 may be implemented as a 
set-top-box (STB) , a digital television (DTV) receiver, a digital 
video broadcast (DVB) receiver, or a digital video receiver. The 
apparatus 100 generally comprises a circuit 102 and a circuit 104 
coupled through a bus 106, a circuit 108 and a circuit 10 9. The 
circuit 102 may be implemented as a digital video circuit or 
device. The circuit 104 may be implemented as a descrambler 
circuit. The bus 106 may be implemented as a time multiplexing 
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common interface (TMCI) bus. The circuit 108 may be implemented as 
a timing circuit that alters timing of signals. The circuit 109 
may be implemented as a common interface circuit or controller. 

The descrambler circuit 104 may be compliant with a "PC 
Card Standard", published by the Personal Computer Memory Card 
International Association, Sunnyvale, California, February 1995. 
The descrambler circuit 104 may be compliant with other standards 
to meet the design criteria of a particular application. Other 
functions may be implemented by the circuit 104 to meet the design 
criterial of a particular application. 

A standard interface 110 may be provided between the 
descrambler circuit 104 and the interface circuit 109. The 
standard interface 110 generally defines multiple transport streams 
to and from the descrambler circuit 104. The standard interface 
110 may be compliant with a Common Interface (CI) standard. The CI 
standard may be defined in "Common Interface Standard for 
Conditional Access and other Digital Video Broadcasting Decoder 
Applications", European Standard EN 50221, published by the 
European Committee for Electrotechnical Standardization (CENELEC) , 
Brussels, Belgium, February 1997. The CI standard interface may 
also be defined in "Common Interface Specification for Conditional 
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Access and other Digital Video Broadcasting Decoder Applications", 
Digital Video Broadcast (DVB) document A017, published by the 
European Telecommunications Standards Institute (ETSI) , Sophia 
Antipolis, France, May 1996. The European Standard EN 50221 and 
the DVB document A017 are hereby incorporated by reference in their 
entirety. 

An input transport stream (e.g., TS1) received at the 
standard or common interface 110 generally comprises a clock signal 
and a set of input signals. The input signals generally comprise 
multiple data signals and multiple control signals. The control 
signals generally comprise a valid signal and a synchronization 
signal. The input transport stream TS1 may flow from the interface 
circuit 109 to the descrambler circuit 104. The clock signal, each 
data signal, and each control signal within the input transport 
stream TS1 may be on an individual interface or pin at the common 
interface 110. 

An output transport stream (e.g., TS2) through the common 
interface 110 generally comprises a clock signal and a set of 
output signals. The output signals generally comprise multiple 
data signals and multiple control signals. The control signals 
generally comprise a valid signal and a synchronization signal. 
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The clock signal, each data signal, and each control signal within 
the output transport stream TS2 may be on an individual interface 
or pin at the common interface 110. 

Another standard interface 111 may be provided between 
the timing circuit 108 and the interface circuit 109. The standard 
interface 111 generally defines multiple transport streams to and 
from the interface circuit 109. The standard interface 111 may be 
compliant with a synchronous parallel interface (SPI) standard. 
The SPI standard may be defined in "Interfaces for CATV/ SMATV 
Headends and Similar Processional Equipment " , DVB-PI-232 Revised, 
Digital Video Broadcast (DVB) document TM1449 Rev. 2, published by 
the European Telecommunications Standards Institute (ETSI) , Sophia 
Antipolis, France. The DVB document TM1449 Rev. 2 is hereby 
incorporated by reference in its entirety. The standard interface 
111 may also be defined as part of the CI standard interface per 
the European Standard EN 50221 and/or the DVB document A017. 

A standard input transport stream received at the 
standard interface 111 from the timing circuit 108 generally 
comprises an input clock signal (e.g., CICK) and a set of input 
signals (e.g., CIIN) . The input signals CIIN generally comprise 
multiple data signals and multiple control signals. The control 

8 
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signals generally comprise a valid signal and a synchronization 
signal. The standard input transport stream may flow from the 
timing circuit 108 to the interface circuit 109. The clock signal 
CICK, each data signal, and each control signal within the standard 
input transport stream may be on an individual interface or pin at 
the standard interface 111. The interface circuit 109 may route 
the standard input transport stream to the descrambler circuit 104 
as the input transport stream TS1. 

A standard output transport stream through the standard 
interface 111 generally comprises an output clock signal (e.g., 
COCK) and an output set of signals (e.g., CIOUT) . The signals 
CIOUT generally comprise multiple data signals and multiple control 
signals. The control signals generally comprise a valid signal and 
a synchronization signal. The clock signal COCK, each data signal, 
and each control signal within the standard output transport stream 
may be on an individual interface or pin at the standard interface 
111. The interface circuit 109 may route the output transport 
stream TS2 from the descrambler circuit 104 as the standard output 
transport stream. 

A signal (e.g., CIDIR) may be transferred by the TMCI bus 
106 from the digital video circuit 102 to the timing circuit 108. 

9 
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A set of signals (e.g., TMCIB) may be transferred by the TMCI bus 
106 between the digital video circuit 102 and the timing circuit 
108. The set of signals TMCIB generally comprises multiple data 
signals (e.g., CDATA[7:0]) and multiple control signals. The 
control signals generally comprise a valid signal (e.g., CVALID) 
and a synchronization signal (e.g., CSYNC). 

The TMCI bus 106 generally comprises eleven (11) lines. 
Eight (8) lines 106A-H may carry the bidirectional data signals 
CDATA[7:0] . A line 1061 may carry the bidirectional signal CVALID. 
A line 106J may carry the bidirectional signal CSYNC. A line 106K 
may carry the non-multiplexed, dedicated direction control signal 
CIDIR. The eleven (11) lines 106A-J may be used to implement two 
11 -bit transport streams generally resulting in a savings of up to 
eleven (11) lines and interfaces required for the digital video 
circuit 102. 

The signals TMCIB may be time multiplexed on the lines 
106A-J. The direction control signal CIDIR may control the time 
multiplexing of the signals TMCIB. While the direction control 
signal CIDIR is in a first direction state the signals TMCIB may 
flow from the digital video circuit 102 to the timing circuit 108. 
While the direction control signal CIDIR is in a second direction 

10 
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state the signals TMCIB may flow from the timing circuit 108 to the 
digital video circuit 102. 

The digital video circuit 102 generally comprises a 
channel demodulation circuit 112, a source decoder circuit 114, an 
inverting buffer circuit 116, a delay circuit 118, multiple 
bidirectional buffer circuits 120, and another bidirectional buffer 
circuit 122. A bus (e.g., CHBUS) may transfer data and control 
signals from the channel demodulator circuit 112 to the 
bidirectional buffers 120. Another bus (e.g., SDBUS) may transfer 
additional data and control signals from the bidirectional buffers 
120 to the source decoder circuit 114. 

A scrambled transport stream may be generated by the 
channel demodulation circuit 112. The scrambled transport stream 
generally comprises a clock signal (e.g., CCLK) , multiple data 
signals, a valid signal, a synchronization signal and an error flag 
signal. The scrambled transport stream may be compliant with the 
CI standard and/or the SPI standard. A rising edge of the clock 
signal CCLK generally indicates that the data signals have 
stabilized and thus are ready to be read. The valid signal may be 
asserted to indicate that the data signals are valid. The 
synchronization signal may be asserted during a first byte of each 

11 
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transport packet for the data signals to provide synchronization to 
a start of each transport packet. 

The clock signal CCLK may be presented by the channel 
demodulator circuit 112 to the inverting buffer circuit 116. The 
inverting buffer circuit 116 may generate the direction control 
signal CIDIR by inverting the clock signal CCLK. The direction 
control signal CIDIR may thus function to control directional flow 
of data and as a timing signal for clock signal (s) . The direction 
control signal CIDIR may be presented through an interface 124k to 
the line 106K. 

The delay circuit 118 may delay the clock signal CCLK to 
generate another clock signal (e.g., SDCK) . The clock signal SDCK 
may have a fixed timing relationship with the clock signal CCLK due 
to the delay circuit 118. A delay or phase shift of the clock 
signal CCLK introduced by the delay circuit 118 may be 
approximately 270 degrees. Other phase shifts or delays may be 
implemented to meet the design criteria of a particular 
application . 

The data signals, valid signal and synchronization signal 
of the scrambled transport stream may be transferred to the 
bidirectional buffer circuits 120 through the bus CHBUS. The 

12 
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bidirectional buffers 12 0 may drive the data signals, the valid 
signal and the synchronization signal of the scrambled transport 
stream onto the lines 106A-J through multiple interfaces 124A-J 
while the direction control signal CIDIR is in a transmit state 

5 (e.g., a logical HIGH state). The bidirectional buffer circuits 
120 may present a high- impedance to the interfaces 124A-J and the 
lines 106A-J while the direction control signal CIDIR is in a 

y* receive state (e.g., a logical LOW state). 

P A signal (e.g., CERR) may be generated by the channel 

§0 

Iff demodulation circuit 112 . The signal CERR may be implemented as an 
p error signal. Generally, the descrambler circuit 104 does not 

Q require the signal CERR. Therefore, the signal CERR may be kept 

hi 
tz 

p inside the digital video circuit 102 on a direct link (not shown) 

{»* 

between the channel demodulator circuit 112 and the source decoder 
15 circuit 114. In some applications, however, a user may need to use 
the signal CERR or may want to present the signal CERR to the 
source decoder circuit 114 from external to the digital video 
circuit 102. As a result, the signal CERR may be presented at an 
interface 12 6 and simultaneously presented to the source decoder 
20 circuit 114 by the bidirectional buffer circuit 122. 
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A descrambled transport stream may be received by the 
source decoder circuit 114 . The descrambled transport stream 
generally comprises a clock signal (e.g., SDCK) , multiple data 
signals, a valid signal and a synchronization signal. The 
descrambled transport stream may be compliant with the CI standard 
and/or SPI standard. A rising edge of the clock signal SDCK 
generally indicates that the data signals have stabilized and thus 
are ready to be read. The valid signal may be asserted to indicate 
that the data signals are valid. The synchronization signal may be 
asserted during a first byte of each transport packet for the data 
signals to provide synchronization to a start of each transport 
packet . 

The data signals, the valid signal and the 
synchronization signal of the descrambled transport stream may be 
transferred to the source decoder circuit 114 through the bus 
SDBUS . The bidirectional buffers 12 0 may receive the data signal, 
the valid signal and the synchronization signal of the descrambled 
transport stream from the lines 106A-J while the direction control 
signal CIDIR is in the receive state. The bidirectional buffer 
circuits 12 0 may bypass the data signals, the valid signal and the 
synchronization signal of the descrambled transport stream from the 

14 
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bus CHBUS to the bus SDBUS directly while the direction control 
signal CIDIR is in the transmit state. 

An operation of the bidirectional buffers 12 0 may be to 
time multiplex the data signals, the valid signal and the 
synchronization signal of the scrambled transport stream with the 
similar signals of the descrambled transport stream at the 
interfaces 124A-J. The time multiplexing may be controlled by the 
direction control signal CIDIR. The direction control signal CIDIR 
may be non-multiplexed at the interface 124K. 

The interface circuit 109 may provide the common 
interface 110 to the descrambler circuit 104. The interface 
circuit 109 may provide the standard interface 111 to the timing 
circuit 108. An example implementation of the interface circuit 
109 may be the CIMaX™ Dual Common Interface Hardware Controller 
available from SCM Microsystems, Fremont, California. 

The interface circuit 10 9 may receive the scrambled 
transport stream from the timing circuit 108 as the standard input 
transport stream. The interface circuit 109 generally presents the 
standard input transport stream as the input transport stream TS1 
to the descrambler circuit 104. A descrambler module 132 within 
the descrambler circuit 104 may descramble the input transport 

15 
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stream to generate the output transport stream. The interface 
circuit 109 then generally presents the output transport stream to 
the timing circuit 108 as the standard output transport stream. 

The timing circuit 108 generally comprises a delay 
circuit 134 and multiple registers 136A-J. The delay circuit 134 
may be configured to generate the clock signal C1CK from the 
direction control signal CIDIR. The clock signal CICK may have a 
fixed timing relationship with the direction control signal CIDIR 
due to the delay circuit 134. A delay or phase shift of the clock 
signal CICK relative to the direction control signal CIDIR 
introduced by the delay circuit 134 may be approximately 90 
degrees. Other phase shifts or delays may be implemented to meet 
the design criteria of a particular application. A rising edge of 
the clock signal CICK may indicate that the signals from the TMCI 
bus 106 are ready to be read by the interface circuit 109 through 
CIIN pins. 

Within the interface circuit 109, buffers (not shown) for 
the signals CIOUT generally do not have a tri- state or high- 
impedance capability and thus the signals CIOUT may need to be 
reconditioned to be compatible with the TMCI bus 106. The 
registers 136 with an output enable functionality may be used to 
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drive the signals CIOUT onto the TMCI bus 106. The registers 136 
may be implemented as D-type registers with output enable (OE) . 

A D- input of each register 13 6A-J may receive one of the 
signals CIOUT. A Q-output of each register 136A-J may present a 
5 signal to the TMCI bus 106 on one of the lines 106A-J. A clock 
input for each register 136 may receive the clock signal CICK. The 
rising edge of the clock signal CICK may cause the registers 13 6 to 
read and store the signals CIOUT. 

b 

C An output enable (OE) interface of each register 136A-J 

ljb? may be coupled to the line 106K to receive the direction control 
y, signal CIDIR. While the direction control signal CIDIR is in the 

si 

Q transmit state (the logical HIGH state) the registers 136 may 
IP present a high impedance at the Q-outputs to the TMCI bus 106. 
|t Therefore, the bidirectional buffers 120 may drive the lines 106A-J 
15 to transfer the data signals and the control signals of the 
scrambled transport stream from the digital video circuit 102 to 
the interface circuit 109. While the direction control signal 
CIDIR is in the receive state (the logical LOW state) the Q-outputs 
of the registers 136 are generally active. Therefore, the 
20 registers 136 may drive the lines 106A-J to transfer the data 
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signals and the control signals of the descrambled transport stream 
from the interface circuit 109 to the digital video circuit 102. 

In one embodiment of the apparatus 10 0, the timing 
circuit 108 may be implemented as glue logic on a printed circuit 
board to adapt the TMCI bus 106 to an existing interface circuit 
109 having the standard interface 111. In other embodiments, the 
delay circuit 134 and/or registers 136 may be implemented within 
the interface circuit 109 to provide a clean connection to the TMCI 
bus 106. 

Referring to FIG. 3, a block diagram of another 
embodiment for a portion of an apparatus 100' is shown. The 
apparatus 100' generally comprises a digital video circuit 102' and 
the descrambler circuit 104 coupled by a TMCI bus 106' , a timing 
circuit 108' and the interface circuit 109. The apparatus 100' 
shown in FIG. 3 may vary from the apparatus 100 shown in FIG. 2 
mainly due to the clock signal CICK being generated by the digital 
video circuit 102' (FIG. 3) instead of by the timing circuit 108 
(FIG. 2) . As a result, the TMCI bus 106' shown in FIG. 3 may have 
an additional line 106L to transfer the clock signal CICK from the 
digital video circuit 102' to the descrambler circuit 104. 

18 
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The digital video circuit 102 ' generally comprises the 
channel demodulator circuit 112, the source decoder circuit 114, 
the inverting buffer circuit 116, a circuit 118', the bidirectional 
buffers 120, the bidirectional buffer circuit 122, a bidirectional 
buffer circuit 123, the interfaces 124A-K, and an interface 124L. 
The bidirectional buffer circuit 123 may be provided between the 
inverting buffer circuit 116 and the interface 124K to provide a 
bidirectional capability for the direction control signal CIDIR. 
Using the bidirectional buffer circuit 123, the direction control 
signal CIDIR may also be used as an auxiliary direction control 
signal for the digital video circuit 102'. 

The circuit 118' may comprise a delay circuit 140 and an 
inverter 142. The delay circuit 140 may be configured to generate 
the clock signal CICK from the clock signal CCLK. The clock signal 
CICK may be presented at the interface 124L to the TMCI bus 106 7 . 
The clock signal CICK may have a fixed timing relationship with the 
clock signal CCLK due to the delay circuit 140. A delay or phase 
shift in the clock signal CICK relative to the clock signal CCLK 
may be approximately 90 degrees. Other phase shifts or delays may 
be implemented to meet the design criteria of a particular 
application. 

19 
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The circuit 118' may also generate and present the clock 
signal SDCK. The inverter 142 may invert the clock signal CICK to 
generate the clock signal SDCK. Therefore, the clock signal SDCK 
may have a delay or a phase shift relative to the clock signal CICK 
of approximately 180 degrees. Likewise, the clock signal SDCK may 
have another delay or another phase shift relative to the clock 
signal CCLK of approximately 270 degrees. 

The timing circuit 108' generally comprises the registers 
136A-J and a line 144. The line 144 may transfer the clock signal 
CICK from the line 106L to the descrambler circuit 104. The clock 
inputs of the registers 13 6 may be coupled to the line 144 to 
receive the clock signal CICK. 

The interface 123 of the digital video circuit 102' may 
result in a twelve (12) line implementation for the TMCI bus 106' . 
In comparison, the 12 -line TMCI bus 106' may require up to half of 
the lines required by the conventional 22 or 24 -pin standard 
interface 111 to carry two transport streams. Accounting for the 
interface 126 for the signal CERR still results in a ten (10) 
interface savings as compared with the conventional 22 -pin standard 
interface 111. 

20 
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The CI standard defines relatively low data rates as 
compared with modern digital logic switching rates. The parallel 
data signals within the input and the output transport streams may 
also have a relatively low rate. For example, a conventional 
interface circuit 109 may have a maximum data rate of 9 million 
bits per second (Mbps) . The digital video circuits 102 and 102 # 
may support parallel transport stream data rates up to 13 Mbps. 
The apparatus 100/100' containing the TMCI bus 106/106' may operate 
at a basic system clock rate of approximately 27 MHz. Other system 
clock rates may be implemented to meet the design criteria of a 
particular application. 

Referring to FIG. 4, a timing diagram of a functional 
simulation of the TMCI bus 106 is shown. The functional simulation 
may model the TMCI bus 106 as having only four (4) of the data 
signals (e.g., lines 106A-D and 106J-K) . A cycle of the clock 
signal CCLK may comprise four (4) cycles of a system clock signal 
(e.g., CK27M) , Two signals (e.g., BUSOUT and BUSIN) may be used to 
present two functions of the bidirectional TMCI bus 106. The 
signal BUSOUT generally represents values of the data signals 
presented by the digital video circuit 102 to the TMCI bus 106. 
The signal BUSIN generally represents values of the data signals 
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presented by the interface circuit 109 to the TMCI bus 106. A zero 
value "0" on the signals BUSOUT and BUSIN may represent an invalid 
signal or a high- impedance presented to the TMCI bus 106. A one 
cycle operational delay for the descrambler circuit 104 to 
descramble the scrambled transport stream may be modeled as a D- 
type register delay. Definitions for the signals shown in FIG. 4 
may be as follows: 

CK27M - the system clock signal. 

CCLK - the scrambled transport stream clock signal 

generated by the channel demodulator circuit 112. 

CHBUS - values (e.g., Sx, x=l, 2, 3,...n) of the scrambled 

transport stream data signals on the bus CHBUS. 

CIDIR - the direction control signal. 

BUSOUT - the values Sx transmitted by the digital video 
circuit 102. 

DBUS - the values Sx received by the interface circuit 

109. 

CICK - the scrambled transport stream clock signal 

received by the interface circuit 109. 
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QBUS - values (e.g., Dx, x=l, 2, 3,...n) of the 

descrambled transport stream data signals transmitted by the 
interface circuit 109. 

QQBUS - the values Dx stored by the registers 136. 

BUSIN - the values Dx transmitted by the registers 13 6 and 

received by the digital video circuit 102. 

SDCK - the descrambled transport stream clock signal 

received by the source decoder circuit 114. 

SDBUS - the values Dx on the bus SDBUS and received by the 

source decoder circuit 114. 

Transfer of the scrambled data signals generated by the 
channel demodulator circuit 102 to the interface circuit 109 may 
follow a sequence of steps as described below. A falling edge 144 
of the clock signal CCLK may indicate that a scrambled value SI on 
the bus CHBUS is ready to be transferred to the interface circuit 
10 9. While direction control signal CIDIR in the logical HIGH 
state 146 the bidirectional buffers 120 may drive the value SI onto 
the TMCI bus 106 (BUSOUT = SI) . The TMCI bus 106 may transfer the 
value SI to the interface circuit 109 (DBUS = SI) . A rising edge 
148 of the clock signal CICK may cause the interface circuit 109 to 
read the value SI. While the direction control signal CIDIR is in 
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the logical LOW state 150 the bidirectional buffers 12 0 may present 
a high impedance to the TMCI bus 106 (BUSOUT = 0 as indicated by 
reference number 151) . 

Transfer of the descrambled data signals generated by the 
descrambler module 132 to the source decoder circuit 114 may follow 
a sequence of steps as described below. The descrambler module 132 
may generate a descrambled value Dl a delay after the rising edge 
148 of the clock signal CICK. The interface circuit 109 may then 
present the value Dl to the registers 13 6 (QBUS = Dl) . A next 
rising edge 152 of the clock signal CICK may cause the registers 
136 to read and store the value Dl (QQBUS = Dl) . While the 
direction control signal CIDIR is in the logical LOW state 154, the 
registers 13 6 may drive (output enabled) the value Dl onto the TMCI 
bus 106 (BUSIN = Dl) . The TMCI bus 106 may transfer the value Dl to 
the bidirectional buffers 120. The bidirectional buffers 120 may 
drive the value Dl onto the bus SDBUS (SDBUS = Dl) . A rising edge 
156 of the clock signal SDCK may cause the source decoder circuit 
114 to read the value Dl from the SDBUS. During a subsequent 
logical LOW state 158 of the clock signal CCLK, the inverting 
buffer circuit 116 may drive the direction control signal CIDIR to 
the logical HIGH state 160. The direction control signal CIDIR in 
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the logical HIGH state 160 may cause the registers 13 6 to present 
a high impedance to the TMCI bus 106 (BUSIN = 0 as indicated by 
reference number 162) . 

The TMCI bus 106 may operate as a time multiplexed bus by 
alternating transfer of the scrambled transport stream and the 
descrambled transport stream. For example, while the registers 13 6 
are presenting the high impedance 162 to the TMCI bus 106 the 
bidirectional buffers 12 0 may be driving a scrambled value S3 onto 
the TMCI bus 106. During a next low half cycle 164 of the 
direction control signal CIDIR, the bidirectional buffers 12 0 may 
present a high impedance to the TMCI bus 10 6 (BUSOUT = 0 indicated 
by reference number 166) . While the bidirectional buffers 120 are 
presenting the high impedance 166, the registers 13 6 may be driving 
a descrambled value D2 onto the TMCI bus 106 (BUSIN = D2) . The 
alternating between the scrambled transport stream and the 
descrambled transport stream may then repeat as necessary. 

Referring to FIG. 5, a diagram of a timing analysis of 
the functional simulation is shown. The timing analysis is 
generally based on a full cycle of signal flow from the function 
simulation shown in FIG. 4. During the timing analysis, the TMCI 
bus switch over time may be assumed to be 5 nanoseconds (ns) , and 
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a total TMCI bus propagation delay time may be assumed to be 1 ns. 
Timing parameters of CIMaX™ chip are used to represent the 
interface circuit 10 9. Basic timing parameters and sources are 
listed in Table I as follows: 



TABLE I 



Parameter 


Value 


Description 


Source 


tl 


8 ns 


Output delay time Tods 
of channel demod. ckt. 


Conventional channel 
demodulator circuit 


t2 


5 ns 


Switch over time Tsw of 
TMCI bus 


Assumed 


t3 


10 ns 


Data set up time Tsu of 
interface circuit 


CIMaX™ Datasheet page 19 


t4 


10 ns 


Data hold time Th of 
interface circuit 


CIMaX™ Datasheet page 19 


t5 


15 ns 


Clock to data delay Tckd 
of interface circuit 


CIMaX™ Datasheet page 19 


t6 


5 ns 


Switch over time Tsw of 
TMCI bus 


Assumed 


tl 


10 ns 


Data set up time T43 of 
digital video circuit 


Conventional digital 
video circuit 


t8 


0 ns 


Data hold time T44 of 
digital video circuit 


Conventional digital 
video circuit 


t9 


10 ns 


Input to Output Delay 
Tiod of interface ckt . 


Measured CIMaX™ device 


tio 


5 ns 


Switch over time Tsw of 
TMCI bus 


Assumed \ 



1*1 



Based on Table I, a minimum time interval (T) in ns 
2 0 required for a full cycle of TMCI bus 106 data flow (not counting 
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a whole cycle delay caused by the interface circuit 109) may be 
calculated as follows: 

T = Ta + Tb + Tc + Td + 1 (ns) 
Where, 

Ta = Max (tl, t2) = tl = 8 ns 
Tb = t3 + t4 = 10 + 10 = 20 ns 
Tc = Max (tcl, tc2) = Max (20, 15) = 20 ns 
Where, 

Tel = t5 + tlO = 15 + 5 = 20 ns 

Tc2 = tS + Max (t7, t9) = 5 + Max (10, 10) = 15 ns 
Td = t8 = 0 ns 
Therefore, 

T=Ta+Tb+Tc+Td+l=8+20+20+0+l=49 (ns) 
A minimum time interval T of 49 ns may allow the TMCI bus 106 to 
transfer at a data rate up to approximately 2 0 Mbps . The 2 0 Mbps 
data rate generally provides a time margin of 12 6% when coupled to 
a CIMaX™ chip. 

As used herein, the term "simultaneously" is meant to 
describe events that share some common time period but the term is 
not meant to be limited to events that begin at the same point in 
time, end at the same point in time, or have the same duration. 
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While the invention has been particularly shown and 
described with reference to the preferred embodiments thereof, it 
will be understood by those skilled in the art that various changes 
in form and details may be made without departing from the spirit 
and scope of the invention. 
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